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Electromagnetic Compatibi l ity , Electromagnet ic Energy
Electroma gnetic Radiation System (EMRS)
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T’~e function of the Electromagnetic Radiation System (EMRS) is to generate elec-
t romagnetic energy to produce a constant field strength tha t can he automatic-
a lly scanned as a function of frequency. The desian ob~ect ive is to cover the
frequenc y range of 30 Hz to 40 GHz with fi e l d inten s ities up to 200 vo lts per
meter. This report describe s system equi pment status and results of performance
tests in the demonstration frequency ranges of 30—60 M~4z , 1 .0-2 .! GIlz, 2.~ —4.O
GHz and 12 .4-18.0 GHz. -
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1. INTRODUCTION

This report describe s the activities and developments concerning PHASE I- I

of the Electromagnetic Radiation System (EMRS) Program during the period of

I Januar y 1 979 through 31 March 1979. The purpose of Phase II of the EMRS pro—

gram is to develop the hardware to demonstrate the feasibility of the theoret-

ical design considered in Phase I.

II. STATUS OF EMRS EQUIP MENT

A l l major equipment comprisin g the EMRS demonstration system has been re-

ceived , with the exception of the tunable bandpass filter for the 12 .4 GHz to

18.0 GHz frequency range. This item is expected to be delivered durin g May 1 979.

The tunable bandpass filter for the 2.1 GHz to 4.0 GHz frequency range had

to be returned to the manufacturer for repairs . The repa i red un it is expected to

be returned to AEL during A pril 1979.



___________ 

‘ .- -,.i, -.-’ . ..—.-----’ .--’-

III. PROGRESS DURING REPORT PERIOD

During this period , the Hewlett—Packard 8495H programable attenuator ,

wh ich was returned to the manufacturer for repair , was returned to AEL in proper

operating condition. It was reinstalled in the EMRS control panel and used in

applicab le system tests.

work continued on the redesi gn and finalization of the AEL — built external

automatic l evelling loop circuit .

Tests of the system were performed , in accordance with the EMRS lest Plan

dated July 1 978, to measure functions which requ i red the tunable filters rece i ved

so far. Results of tests , for all four demonstration band s, are shown in Tables

1 throug h 4, and sumarized as follows:

Table 1 shows that the 30 MHz to 60 MHz EMRS demonstration system met re-

quirements specified in the test plan for the following tests: Frequency Accuracy ,

Scan Rate Limits , Externa l AM and FM Modulation , Hig h Leve l Radiated Output

and Leve l Variation , Non—Radiated Output and Leve l Variation and Signa l Purity.

It did not meet all requirements for Externa l Pu l se Modulation and Low Leve l

Radiated Output .

Table 2 shows that the 1 GHz to 2.1 GHz EMRS demonstration system met re-

qu i rements specified in the test plan for the following tests: Frequency Accuracy,

Scan Rate Limits , Ex ternal AM Modula ti on, most Ex ternal FM Modula t ion, Hi gh Level

Radia ted Output and Level Var iati on , Non—Rad iated Output and Leve l Variation and

Signal Purity. It did not meet all requirements for Externa l FM Modulation , Ex-

terna l Pu l se Modulation and Low-Level Radiated Output.

During tests of the 1 GHz to 2.1 GHz tracking filter , It was found tha t

the method used to detect and track the RF signal input to the tracking filter

limits the modulation to some degree. An i nvestigation was conducted to determine

L and define the limitations. It was found that the only type of modulat ion wh i

ch2
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was affected because of the filter was FM , and that the onl y l i m i t a t i o n  was in

FM deviation . FM deviation with the filter was limited to a maximum of + 32 P4Hz ,

wh i ch meets all specified limits except the requirement for + 75 MHZ deviation

with modula tion frequencies of DC to 100 Hz.

Table 3 shows that the 2 .1 GHz to 4.0 GHz EMRS demonstration system met

requirements specified in the test plan for the following tests: Frequency Acc ur-

acy, Externa l FM , High Level Radiated Output and Level Variat ion and Non—Rad iated

Output and Level Var iation, It did not meet al l requirements for External A.M,

Externa l Pulse Modu lation and Low Level Radiated Ou tpu t and Level Variation.

lests for Scan Rate and Signal Purity , in this frequency range , will  be performed

after the tunable filter is repai red by the manufacturer and returned to AEL.

Additional tests will be performed at tha t time to make certain that high leve l

radiated output , with the filter installed , comp lies with the 200 volt per meter

requ i rements. Tests w ill also be performei to determine whether installation of

the f i l r er imposes any limitations on modulation capabilities.

Table 4 shows that the 12.4 GHz to 18 GHz EMRS demonstration system met

requirements specified in the test p lan for the following tests: Frequency Accur-

acy, External AM , Externa l FM , Hig h Level Radiated Output and Leve l Variation

and Non—Radiated Output and Level Variation . It did not meet all requirements

for Externa l Pu l se Modulation . Tests for Scan Rate , Low Level Radiated Output

and Signa l Purity w i l l  be performed after the tunable filter is received from

the manufacturer. Tests wil l also be performed to determine whether installation

of the filter i mposes any limitations on hi gh l evel radiated output or on modu—

lation capabilities.
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IV . FUTURE PLA N S

During the next report inq period , the follow i ng activities are antici pated :

I. Finaliza tion of the externa l automatic levelling circuit and tests of Its

performance relative to a l l EMRS frequency bands .

2. Receipt of the repa i red 2.1 GHz to 4 GHz filter and performance of tests which

requ i re it.

3. Receipt of the 12.4 GHz to 18 GHz filter and performance of tests wh i ch re-

quire it.

4, Finalization of the EMRS system and quality control inspection .

5. Completion of test report to reflec t tests to be performed in the next period .

6. Preparation of other required software on the f ina l i zed  EMRS system .
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TA BLE 1 — SUMMA RY OF EMRS TEST RESULTS , 30—60 MHZ FREQUENCY BAND

TEST PLAN TEST DESCRIPT I ON REQUIREMENT RESULTS
PARA .

5.1 .2 Frequency Accuracy Manual: + 10 MHz Meets requirements
Auto: +T5 MHz Meets requirements

5.1 .3 Scan Rate L im .L~ Less than or equa l to Meets requirements
(Automatic Sweep) 5 seconds/octave to

over 100 seconds per
octave

5,1 .4 External Modulation :

AM 0— lOO~, DC—l50 kHz Meets requirements

FM + 20 MHz , DC-lOO Hz Meets requirements
+ 5 MHz , lOOHz-lMHz Meets requirements
+ 2 MHz , 1-2 MHz Meets requirements

Pulse , Rise Time 50 nanoseconds 20 nS minimum w ith
interna l levelling
(Note 1)

Pulse , Fall Time 50 nanoseconds Over 20 nS wi th in-
ternal l evelling
(Note 1)

Pulse ~‘Jidth 50 nS - 50 mS 100 nS - 20 m S with
interna l l evelling
(Notes 1 and 2)

5.1.5 Radiated Output:

Hi gh 200 V/M + 3 dB Meets requirements

Low I rnV/M + 3 dB (Note 3)

5.1.6 Non—Radiated Output 10 watts + 3 d B  Meets requirements

5.1.7 Signal Purity Harmonic & spurious Meets requirements
emission at least 100
dB below fundamental

NOTES: I . With external l eve lling , to much overshoot and ringing occurred . Leve l-
ling circuit is be i ng redesi gned .

2. System functions wi th longer pulses but output leve l varies if duty
cyc l e exceeds 50%. Meets requ i rements with lower duty cycle.

3. System dynamic range is 40 dB , for 2 V/M minimum output. Add i ng exter—
nal Hewlett—Packard 8447D amp lifier to levelling l oop adds 26 dB to
dynamic range , for a minimum of 100 mV/M .
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TABLE 2 — SUMMARY OF EMRS TEST RESULTS , 1-2 .1 6HZ FRE QUENC Y BAND

TEST PLAN TEST DESCRIPTION REQU I REMENT RESULTS
PARA .

5.2.2 Frequency Accuracy Manual: + 10 MHz Meets requirements
Auto: + 15 MHz Meets requiremen ts

5.2.3 Scan Rate Limits Less than or equa l to Meets requirements
( A u t o m a t i c  Sweep) 5 seconds/octave to

more than 100 seconds
per octave

5.2. 4 Externa l Modulation:

AM 0-100%, DC-l50 kHz Meets requirements

FM + 75 MHz , DC-laO Hz (Note I)
+ 5 MHz , lOOHz-IMHz Meets requirements
+ 2 MHz , 1—2 MHz Meets requirements

Pulse , Rise Time 50 nanoseconds 20 nS minimum w i t h
internal ) m v e l l i n g
(Not e 2)

Pulse , Fall Time 50 nanoseconds Over 20 nS with inter-
nal levelling (Note 2)

Pulse Wid th 50 nS — 50 mS 100 nS — 20 mS with
interna l l eve l I ing
(Notes 2 and 3)

5.2.5 Radiated Output:

Hi gh 200 V/M + 3 dB Meets requ i rements

Low I mV/M + 3 dB (Note 4)

5.2.6 Non—Radiated Output +30 dBm + 3 dB Meets requirements

5.2.7 Signa l Pur i t y  Harmonic & spurious Meets requirements
emission at least 100
dB be l ow fundamenta l

NOTES : 1 . With f i l t e r  instal led , dev~at ion is limited to + 32 MHz.

2 , Wi th  external  leve l l i ng ,  too much overshoot and ringing occurs. Level-
ling circuit is being redesigned .

3. System functions with longer pulses , but output l eve l varies f duty
cycle exceeds 50%. Meets requ i rements with l ower duty cycle.

4. System dynamic range is ‘44 dB , fo r 1 .3 V/M minimum output.

6
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TABLE 3 — SUMM ARY OF EMR S TEST RE SULTS , 2.1—4.0 GHZ FREQU ENCY BAND

TEST PLAN TEST DESCRIPT ION REQU IREMENT RESULTS
PARA.

5.3.2 Frequency Accuracy Manual: + 20 MHz Meets requirements
Auto: + 30 MHz Meets requirements

5.3.3 Scan Rate Limits Less than or equa l Awai ting deliv ery of
(Automatic Sweep) to 5 seconds/octave filter

to more than 100
seconds/octave

5.3.4 External Modulation :

AM 0- 1 00% , DC- 150 kHz See Note I

FM + 75 MHz , DC— lOO Hz Meets requirements
4- 5 MHz , 100 Hz —

1 MHz
+ 2 MHz , 1— 2 MHz

Pulse , Rise Time 50 nanoseconds 20 nS minimum with
internal levelling
(Note 2)

Pulse , Fall Time 50 nanoseconds Over 20 nS w ith inter-
nal levellin g (Note 2)

Pulse ~fldth 50 nS — 50 mS 100 nS — 20 rS wi th
internal level l i ng
(Notes 2 and 3)

5.3.5 Radiated Output:

High 200 VIM + 3 dB Meets requirements

Low 1 mV/M + 3 dB See Note 4

5.3.6 Non—Radiated Outpu t +30 dBm + 3 dB Meets requirements

5.3.7 Signal Purity Harmon i cs and spur— Awai ting delivery of
ious emission at fi l ter
least 100 dB below
fundamental

NOTES : 1. Modulation app lied directly to generator limi ted to 60% m axi m u m .
Modulation app lied to external AM circuitry will  go to 100% but
distortion is hi gh (many extraneous signals) .

2. With external levelling , too much overshoot and rin g ing were found .
Levelling circuit is being redesi gned.

3. System functions with longer pulses , but outp ut leve l varies if
duty cycle exceeds 50~ . Meets requir ements with lower duty cycle.

4. System dynamic range is ‘40 dB , for 2 V/M min imum output.

7 
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TABLE I, — SUMMARY OF EMRS TEST RESULTS , 1 2.4 6HZ — 18 6HZ FREQUENCY RANGE

TE ST PLAN TEST DESCRIPT I ON REQUIREMENT RESULTS
PARA.

5.4.2 Frequency Accuracy Manual: + 50 MHz Meets requirements
Auto: + 70 MHz Meets requiremen ts

5.4.3 Scan Rate Limits Less than or equal Awaiting delivery of
(Automatic Sweep) to 5 seconds/octave filter

to more than 100
seconds/octave

5,4.4 Externa l Modulation :

AM 0—100% , OC—150 kHz Meets requiremen ts

FM + 75 MHz , DC—200 Hz Meets requiremen ts
+ 5 MHz , DC—200 kHz

Pulse , Rise Time 50 nanoseconds 30 nS with both externa l
and internal levelling

Pulse , Fall Time 50 nanoseconds 70 nS with external
l evelling , ‘4 uS with
internal levelling

Pulse Width 50 nS — 50 mS 100 nS — 10 mS with
internal and external
l evelling

Radiated Output:

Hi gh 200 V/M + 3 dB Meets requ irements

Low 1 mV/H 4- 3 dB Await m g  del ivery of
filter

5.4.6 Non—R adiated Output +30 dBm ± 3 dB Meets requirements

5.4.7 Si gnal Purity Harmonics and spur— Awaiting delivery of
ious emission at filter
least 100 dB below
fundamenta l
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